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I. Introduction
Planar microstrip antenna by and large can be considered to have reached its maturity. Development of conformable antennas on non planar surfaces lags behind vis-à-vis planar microstrip antennas [4] . Relatively non planar or microstrip antennas conformable to non planar surfaces are at present topic of research. Specifically, theoretical works reported in literature pertain to conformable microstrip antennas on non-planar regular surfaces like cylinder, sphere and cone [7] . The need for conformal antennas is more pronounced for the large sized apertures that are necessary for functions like military airborne surveillance radars. A conformal microstrip antenna on a cylindrical surface with low profile has distinct advantage for applications related to fighter aircraft and spacecraft. Techniques exist to analyze conformable microstrip antennas on electrically small cylindrical surfaces [1] .This paper is devoted to design and simulation of microstrip patch antenna on cylindrical surface as well as planar microstrip antenna and study the effects of design parameters on their resonant frequency. A relationship showing effect of substrate thickness and dielectric constant of substrate on the resonant frequency has been analysed.
II. Design of Omnidirectional Cylindrical Patch Antenna
The antenna shown in Fig.1 is designed to give omnidirectional linear (axial) polarization coverage [5] . In the structure of the conformal microstrip antenna, the surface of the metal cylinder is used as curved ground plane.
The design for the wraparound patch antenna operating at frequency 2.4 GHz is compared with planar antenna at same frequency. 
III. Design of Planar Microstrip Antenna
There are many different analysis techniques that have been developed for analyzing the microstrip antennas. However, the most popular ones can be separated into five groups: transmission-line circuit model, multimode cavity model, moment method, finite-difference time-domain (FDTD) method, and finite-element method [4] . Rectangular patch can be accurately analyzed and designed using Full -Wave Moment Method.
IV. Result and Discussion

IV.I Effect of Substrate Thickness on design Frequency and Return Loss (RL) bandwidth (Impedance Bandwidth) of Cylindrical and Planar Microstrip Antenna
An important factor in the antenna performance is the substrate thickness. Already small differences can affect considerably the bandwidth while the radiation patterns are nearly not affected. The thickness of the substrate is critical for the conformal antenna manufacture since the flexibility of the material is worse for thick substrates and very thin materials may be too fragile to bend. As for planar antennas [6] , the Return Loss Impedance bandwidth is increased when the substrate thickness is increased, as shown in Fig.2 respectively. It can also be seen from Fig.2 that varying the thickness causes a shift of the resonance frequency and the resonance frequency increases with increase in substrate thickness. The above table shows the variation of design frequency and RL bandwidth for cylindrical and planar microstrip antenna with changing substrate thickness. Also, return loss (S 11 ) is less than -10dB for all the cases.
IV.II Effect of Substrate Thickness on Radiation Efficiency (RE) of Cylindrical and Planar Microstrip Antenna
Conductor and dielectric loss is more important for thinner substrates. Conductor loss increases with frequency (proportional to f r 1/2 ) due to the skin effect. Conductor loss is usually more important than dielectric loss. Hence, for planar microstrip antenna, radiation efficiency increases with substrate thickness [3] . Surfacewave losses increase for thicker substrates [2] . (The surface-wave power can be minimized by using a foam substrate). Therefore, for substrates of larger thickness, radiation efficiency decreases as shown in Fig.4 . The above table shows the variation of Radiation Efficiency for cylindrical and planar microstrip antenna with changing substrate thickness.
IV.III Effect of changing Dielectric Constant of substrate on design Frequency and Impedance bandwidth of Cylindrical and Planar Microstrip Antenna
The following results are obtained by simulations varying the relative permittivity of the substrate. As known from non-conformal antenna design, for low relative permittivity the RL bandwidth is larger, and when the substrate permittivity increases the resonance frequency decreases [6, 8] , as illustrated in Fig.6 . Thus, low relative permittivity materials like foams are often employed in multilayer antennas. These foams tend to be fragile, difficult to glue and difficult to bend which might cause problems for the manufacturing. Therefore, not only the performance must be taken into account in conformal antenna design but also the manufacturing. Fig.7 , it can be illustrated that, as the relative permittivity of the substrate increases, the resonance frequency of the cylindrical microstrip antenna first increases and then, decreases. The variation in Impedance bandwidth also follows a similar pattern, as it first increases and then, decreases with increasing relative permittivity. The above table shows the variation of design frequency and Impedance bandwidth for cylindrical and planar microstrip antenna with changing dielectric constant of substrate. Also, return loss (S 11 ) is less than -10 dB for all the cases.
IV.IV Radiation Efficiency (RE) of Cylindrical and Planar Microstrip Antenna
For planar as well as cylindrical microstrip antenna, radiation efficiency decreases with increasing substrate permittivities as shown in Fig.8 and Fig.9 , as surface-wave losses increases for large relative permittivities. The above table shows the variation of Radiation Efficiency for cylindrical and planar microstrip antenna with changing dielectric constant of substrate.
V. Conclusion
Considering the effect of thickness and relative permittivity of substrate for accurately determining the resonant frequency of such structures has been reported. To overcome the time consuming and laborious accurate numerical methods a direct use in algorithm for the design of the antenna is suggested.
The design and simulation using IE3D shows that the resonance frequency of cylindrical antenna decreases while that of planar microstrip antenna increases, with increasing substrate thickness and impedance bandwidth follows a same pattern for both the antennas i.e. it increases with increasing substrate thickness. However, when the substrate permittivity is increased, the resonance frequency of planar microstrip antenna decreases, whereas, it first increases and then, decreases in case of cylindrical patch antenna. Also, Impedance bandwidth of cylindrical antenna first increases and then, decreases with increasing substrate permittivity while it follows an inverse relationship in case of planar microstrip antenna. Thus, considering the effect of design parameters, a method for accurately determining the resonant/design frequency of such structures have been obtained.
The variation of radiation efficiency follows the same trend for both cylindrical and planar microstrip antennas. It increases with increasing substrate thickness, however, for larger substrate thickness, it decreases. Also, radiation efficiency decreases with increasing substrate permittivity due to increase in surface-wave losses.
Further investigation can be done on the accuracy of resonance frequency with multi-dielectric microstrip antenna using super state layer.
